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A MEMENTO OF PROFESSOR EDWARD D. 
COPE. 


During the winter of 1894 Professor 
Cope visited my laboratory, and we hada 
somewhat prolonged discussion of evolu- 
tionary problems. During this conversa- 
tion I asked him concerning his views as to 
the actual phylogeny of the mammalia. 
This led to his writing down on a large 
sheet of paper the interesting table of de- 
scent which is herewith reproduced in fac- 
simile (p. 114). 

It was written out under the guidance of 
question and answer, but I think it will be 
clear in spite of some apparent confusion. 
The groups Sirenia and Cetacea he would 
express no opinion about, and they were 
jotted down where there happened to be 
space on the paper, but with no indication 
of their affinities. In response to a ques- 
tion concerning the Proboscidea he de- 
clared that they had no close affinity with 
the Anthropoid group, which he marked off 
with an irregular line which collates in one 
group the Anthropoidea and Condylarthra. 
A similar question in regard to the Cheirop- 
tera led to a line being added to separate 
the Cheiroptera from a group which com- 
prises the Insectivora, Creodonta, Fillodonta 
and Tzeniodonta. Professor Cope consid- 
ered the mammalia as of single and not 
multiple descent. Of course, he did not 
regard the living Marsupials and Mono- 
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tremes as true surviving ancestral types, as 
the table might seem to suggest. 

It is merely justice to him to add that he 
regarded the whole subject as a problem 
for further investigation, and that he by no 
means looked upon his own conceptions at 


that time as final. Qgaprrs §. Minor. 





RECENT EXPERIMENTS ON CERTAIN OF THE 
CHEMICAL ELEMENTS IN RELATION TO 
HEAT.* 


Tue discovery that different substances 
have different capacities for heat is usually 
attributed to Irvine, but there can be no 
doubt that Black, Crawford and others con- 
tributed to the establishment of the idea. 
The fact that equal weights of different sub- 
stances, in cooling down through the same 
number of degrees, give out different 
amounts of heat, may be illustrated by the 
well-known experiment in which a cake of 


*A Lecture delivered before the Royal Institution 
of Great Britain on May 13, 1898, by Professor W. A. 
Tilden, D.Se., F.R.S. 






















wax is penetrated with different degrees of 
rapidity by balls of different metals heated 
to the same temperature. But, for the 
quantitative estimation of the amounts of 
heat thus taken up and given out again— 
that is, the specific heats—the physicist must 
resort to other forms of experiment, each of 
which presents difficulties of its own. 
Broadly speaking, three principal methods 
have been used in the past for this purpose. 
The first is based upon the observation of 
the exact change of temperature produced 
in a known mass of water, by mixing with it 
a known weight of the substance previously 
at a definite temperature above or below 
that of the water. The second consists in 
determining the quantity of ice melted, 
when the heated body is brought into con- 
tact with it in such a way that no heat from 
any other source can reach the ice. And 
the third method consists in observing 
the rate at which the temperature of the 
heated body falls through a definite range 
of degrees, when suspended in a vacuous 
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space, as compared with the rate of cooling 
of another body taken as the standard. 

The process of intermixture with water 
was used by the earlier experimenters in the 
last century, and some of the best results 
extant have been obtained by this method, 
which, however, is not so easy as it appears 
when the highest degree of accuracy is de- 
sired. 

Lavoisier and Laplace, in 1780, devised 
the ice calorimeter which bears their name; 
and in a most interesting memoir, which is 
reprinted among Lavoisier’s works, they 
show that they were familiar with the idea 
which in modern times is expressed as the 
principle of the conservation of energy. In 
this memoir they give the results of experi- 
ments, in which the specific heats of iron, 
mercury and a few other substances are es- 
timated with a very tolerable approach to 
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Dulong and Petit* seem to have used at 
first the method of mixtures, and to have 
found, by direct experiment, that the 
specific heat of solids (metals and glass) in- 
creases with the temperature. They also 
studied (after Leslie) the laws of cooling of 
bodies ; and two years after the publication 
of their first paper on the subject they 
(Petit and Dulong, sic) arrived at the re- 
markable general expression which is asso- 
ciated with their names.t 

After pointing out that all the results of 
previous experiments except those of La- 
voisier and Laplace are extremely incor- 
rect they describe their own conclusions 
obtained by the method of cooling, con- 
ducted with many precautions to avoid 
error. The numerical expression of their 
experimental results is given in the follow- 
ing table: 


Copy or TABLE BY PETIT AND DULONG. 


(Ann. Chim. Phys. 1819, X ., 403.) 








7 Specific Heats. 


Atomic Weight 


Atomic Weights 
x Specific Heat. 


(0= 1). 








DIE o.0dn0endheh Adeccamamwias .0288 
BANG os ccccsGadudiiletdeta&stthacss .0293 
GORE «ns achacsambatiaddieees cen. wie .0298 
A ER, .0314 
MB o dcsccvaenediheedaes coonl (us .0514 
Whee: sc cineednaeanatadiiny el ia | 0557 
MED: 6tc2inbedamievdioneieiedeen .0927 
ee ee) ee ae .0912 
MRE 5. on ceaweadee cee kieetuh olelh .0949 
a POPE FT ES .1035 
a MT ee ere ae oe .1100 
CORES... a:ccwtiakceebrnteeeas ceeitie .1498 
.1880 


DUE . sr cncnedcuhsscnceiennaes | 


13.30 .3830 
| 12.95 3794 
12.43 3704 
11.16 3740 
7.35 | 3779 
| 6.75 3759 
4.03 .3736 
4.03 3675 
| 3.957 | 3755 
3.69 3819 
| 3.392 | 3731 
| 2.46 | 3685 
| 2.011 .3780 





accuracy. Although many of the metals 
were known to them, and supposing they 
had persisted in this work, it would not 
have been possible for them to make the 
discovery which was reserved for Dulong 
and Petit thirty-five years later, for the 
atomic theory had not then been conceived, 
and no elemental combining proportions 
had been determined. 





The statement of the relation indicated 
in the last column of figures is expressed 
in the following words of the authors, page 
405: “Les atomes de tous les corps sim- 
ples ont exactement la méme capacité pour 
la chaleur.” 

Here the question rested, till resumed 


* Ann. Chim., 1817, VII., 144. 
t Ibid., 1819, X., 395. 
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many years later (1840) by Regnault, who 
in his first memoir* pointed out the difficul- 
ties which attend the acceptance of the 
statement of Petit and Dulong in the form 
in which they gave it. He then discussed 
the three principal experimental methods : 
viz. (1) fusion of ice; (2) mixture with 
water or other liquid; and (3) cooling ; 
and decided in favor of the second, which 
he used throughout his researches. The 
general form of the apparatus used by the 
great physicist has been a model for the 
guidance of successive experimentalists 
since his time. 

Another quarter of a century elapsed be- 
fore the question of the specific heats of 
the elements was resumed by Hermann 
Kopp. His results were communicated to 
the Royal Society, and are embodied ina 
paper printed in the Philosophical Transactions 
for 1865. After reviewing the work of his 
predecessors he described a process by which 
he had made a large number of estima- 
tions of specific heat, not only of elements, 
but of compounds of all kinds in the solid 
state. Concerning his own process, how- 
ever, he remarks that ‘‘ The method, as I 
have used it, has by no means the accuracy 
of that of Regnault”’ (p. 84). 

In 1870 Bunsen introduced his well- 
known ice-calorimeter. This is an instru- 
ment in which the amount of ice melted by 
the heated body is not measured by collect- 
ing and weighing the water formed, but by 
observing the contraction consequent upon 
the change of state. The results obtained 
by Bunsen himself are uniformly slightly 
lower than those of Regnault for the same 
elements. 

Since that time experiments have been 
made by Weber, Dewar, Humpidge and 
others, in connection especially with the 
influence of temperature in particular cases. 

Setting aside the elements, carbon, boron, 
silicon and berryllium, as providing an en- 

*Ibid., 73, 5. 
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tirely separate problem, the question js 
whether the law of Dulong and Petit is 
strictly valid when applied to the metals, 
Kopp, in the discussion of his subject, came 
to the conclusion that it is not; but the 
grounds for this conclusion are unsatisfac- 
tory, since neither the atomic weights nor 
the specific heats were at that time known 
with sufficient accuracy. It has been cus. 
tomary to assume that the divergences from 
the constant value of the product, At. Wt. 
x Sp. Ht. are due partly to the fact that at 
the temperature at which specific heats are 
usually determined, the different elements 
stand in very different relations to their 
point of fusion; thus, lead at the tempera- 
ture of boiling water is much nearer to its 
melting point than iron under the same 
conditions. The divergences have also 
been attributed to temporary or allotropic 
conditions of the elements. As to the re- 
lation to melting point, the specific heats of 
atomic weights seem to be practically the 
same in separate metals and alloys of the 
same which meltata far lower temperature. 
For example, the atomic heat of cadmium 
is 6.35; of bismuth, 6.47 ; of tin, 6.63; and 
of lead, 6.50; while the mean atomic heat 
in alloys of bismuth with tin, and lead with 
tin, ranges from 6.40 to 6.66 (Regnault), 
which is practically thesame. Again, while 
the melting point of platinum is at a white 
heat, the metal becomes plastic at a low 
red heat, and yet the specific heat at this 
lower temperature is very little less than it 
is near the melting point. The properties 
of many other metals, notably zinc and 
copper, change considerably at temperatures 
far removed from their melting points with- 
out substantial change in their capacity for 
heat. 

As to allotropy, it is a phenomenon which 
is comparatively rare among metals, and 
in the marked cases in which it occurs we 
have no information as to the value of the 
specific heats in the several varieties, such 
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as the two forms of antimony and the silver- 
zine alloy of Heycock and Neville, and they 
may be left out of account. Bunsen com- 
pared the so-called allotropic tin, obtained 
by exposing the metal to cold for a long 
time, and found it .0545 against .0559 for 
the ordinary kind.* In dimorphous sub- 
stances there is often no difference. Reg- 
nault found for arragonite .2086 and for 
calcite .2085 respectively. The differences 
between metals hammered and annealed, 
hard and soft, were also found by Regnault 
to be very small. 
Hard steel 1175. Same, softened ... .1165. 
Hard bronze ... .0858, Same, softened ... .0862. 
Kopp came to the conclusion, first that 
each element in the solid state, and ata 
sufficient distance from its melting point, 
has one specific or atomic heat, which varies 
only slightly with physical conditions ; and 
secondly, that each element has essentially 
the same specific or atomic heat in com- 
pounds as it has in the free state. This 
last is practically identical with the state- 
ment which is known as Neumann’s law. 
With Kopp’s conelusion I agree, but from 
some of Regnault’s results, coupled with 
my own, the effect of small quantities of 
carbon, and perhaps of sulphur, upon the 
specific heats of metals is greater. than has 
been supposed. If we take the results of 
Regnault and of Kopp and combine them 
with the most accurately known atomic 
weights the products are still not constant. 
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The ‘ Law’ of Dulong and Petit is there- 
fore only an approximation; but this may 
perhaps be due to inaccuracy in the estima- 
tion of the specific heat, owing to impurity 
in the material used. That is the problem 
which I have endeavored to solve. 

The introduction by Professor J. Joly of 
a new method of calorimetry, which de- 
pends upon the condensation of steam upon 
the cold body, and the excellent results ob- 
tained by the author in the use of the dif- 
ferential form of his instrument,t led me to 
think that with due attention to various pre- 
cautions—such as exact observations of the 
temperatures, and practice in determining 
the moment at which the increase of weight 
due to condensation is completed—results 
of considerable accuracy might be obtained. 

The problem is to find two elements, very 
closely similar in density and melting point, 
which can be obtained in a state of purity, 
and then to determine with the utmost pos- 
sible accuracy the specific heat of each under 
the same conditions. 

The two metals cobalt and nickel were 
selected for the purpose. They were exam- 
ined by Regnault, but the metals he used 
were very impure. 

The cobalt employed in my experiments 
was prepared by myself. For the nickel 
I am indebted to Dr. Ludwig Mond. Both 
were undoubtedly much more nearly pure 
than any metal available in Regnault’s 
time. The results obtained are as follows : 


ATOMIC WEIGHTS Most ACCURATELY KNoww (1897) CoMBINED WITH SPECIFIC HEAtTs. 





_—_— 











? 
, S. H. S. H. At.Ht | At. Ht. 
A. W. (H=1). Regnault. Kopp. Regnault. | Kopp. 
| 
- 4 | 
Copper ......innsnssonkntexestnesedaascnbouss 63.12 09515 | .0930 | 6.01 | 5.87 
CUE ....00. onsomientMadenaas dibdainmeiweedesies 195.74 .03244 ven 6.35 eas 
ae EE RL ARE LE, EECA 55.60 .11379 -1120 6.33 | 6.23 
Atl... .0- sensnstebvalsigestosvusebabevedvesdes 205.36 .03140 .0315 6.45 | 6.47 
Mereury liq. . ste teeeeeeeeces coeseeceeen sees: 198.49 .03332 sees 6.61 eee 
: TP FE Minne ca nthiesesceaesss 198.49 .08192 avo 6.34 nose 
Sliver ‘ns ccccens seaseieeb ene Peemebelscneeeee 107.11 .05701 .0560 6.11 6.00 
OUI... ..0. srenedasbhaheledunmetabiradtesehen 125.89 05412 sees 6.81 tees 























* Pogg Ann. 141, 27. 








t Ann. Chim. [3], IX. 


t Proc. R. S. 47, 241. 
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SPECIFIC HEATS OF COBALT AND NICKEL. 





Pure fused. 
= , = ' a 
Cobalt, S. G. 40 8.718. Nickel, S. G. 0 8.790. 
.10310 -10953 
10878 10910 > too high? 
.10310 -10930 
.10355 
.10373 
- 10362 
Arith.mean .. .. 10348 | .10931 


The value arrived at for cobalt is much 
lower than that (.1067) derived from Reg- 
nault’s experiments, while that for nickel is 
practically identical with Regnault’s, which 
is .1092. This is certainly too high. 

Further experiments will be made, be- 
cause a single well-established case of this 
kind is sufficient to decide the question. 
Already, however, I feel certain that 
Kopp’s conclusion is right, and that the 
law of Dulong and Petit, even for the 
metals, is an approximation only and can 
not be properly expressed in the words of 
the discoverers. For, although the exact 
values of the atomic weights of these two 
elements, cobalt and nickel, are not known, 
it is certain that they are not so far apart 
as would be implied by these values for the 
specific heats. 

Two other examples of somewhat similar 
kind are shown by gold and platinum, cop- 
per and iron. 

For the gold I naturally applied to my 
colleague, Professor Roberts-Austen. The 
platinum I prepared from ordinary foil, by 
resolution and re-precipitation as ammonio- 
chloride and subsequent heating. Both 
metals were fused into buttons before use. 
The atomic heats come closer together than 
those of Co and Ni. 

Copper and iron differ considerably in 
melting point, but both at the temperature 
of 100° are far removed from even incipient 
fusion. The copper was prepared from pure 
sulphate by electrolysis, the iron by reduc- 
tion of pure oxide in pure hydrogen. Not- 
withstanding all our care, it was disappoint- 


ing to find it contained .01 per cent. of 





[N.S. Vox. VIII. No. 187, 


carbon, the source of which I am at a logs 
to explain. This iron is purer than any ex- 
amined by Regnault or Kopp. 


SPECIFIC HEATS OF GOLD AND PLATINUM. 


Pure fused. 
i i AM a 18° 
Gold, 8. G. 18° 19.227. | Platinum, S. G. Tse 21.323. 
.03052 | 03147 
.03017 | -03150 
03035 03144 
| 
Arith. mean .. .. .03035 | Arith.mean .. .. 03147 
Atomic. heat .. .. 5.94 | Atomic heat .. .. 6.05 


SPECIFIC HEATS OF COPPER AND IRON. 


Fused. 

. , 20° es 
Copper (pure) 8. G.590 8.522. Iron, 8. G. 15° 7.745, contains 

.09248 0.01 per cent. carbon 

.09241 .11022 

.09205 .11087 

.09234 | Arith.mean .. ..  .11030 
Arith. mean .. .. .09232 | Atomic heat ..... 6.13 
Atomic heat .. .. 5.83 | 


The differences observed between cobalt 
and nickel, and between gold and platinum, 
are manifestly not due to allotropes or to 
differences of melting point, which in these 
cases can have no effect on the result. So 
large a difference must be due to peculiari- 
ties inherent in the atoms themselves; and 
differences of atomic heat are to a certain 
extent comparable with the differences ob- 
served in other physical properties, which, 
like specific volume, specific refraction, 
etc., are approximately additive. 

If we try to think what is going on in the 
interior of a mass of solid when it is heated, 
the work done is expended not only in set- 
ting the atoms into that kind of vibration 
which corresponds to rise of temperature, 
that is, it makes them hotter, but partly in 
separating the molecules or physical units 
from one another (= expansion) and partly 
in doing internal work of some kind, the 
nature of which is not known. A differ- 
ence between metals and non-metals has 
been brought out by the researches of Hey- 
cock and Neville, who find that metals dis- 
solved in metals are generally monotonic; 
whereas it is generally admitted that iodine, 
sulphur and phosphorus in solution are poly- 
atomic. It is moreover remarkable that, 














JuLy 29, 1898.] 


although in respect to specific heat each 
element in a solid seems to be independent 
of the other elements with which it is asso- 
ciated, when the elementary substances are 
vaporized some rise in separate atoms like 
mercury, some in groups of atoms like 
iodine, sulphur, arsenic and phosphorus, 
and as the temperature is raised these 
groups are simplified with very varying de- 
grees of readiness. 

The two metals, cobalt and nickel, with 
which I began my inquiry, have very nearly 
the same atomic weight, the value, 58.24 
for nickel and that for cobalt 58.49, being 
calculated by F. W. Clarke from the results 
of a great many analyses by many different 
chemists. They are so close together that 
for a long time they were regarded as iden- 
tical, and Mendeléef does not hesitate even 
to invert the order by making Co—58.5 
and Ni=59. These metals, nevertheless, 
differ from each other in several very im- 
portant chemical characters. Nickel, for 
example, forms the well known and highly 
remarkable compound with carbonic oxide 
discovered by Dr. Mond. Cobalt, on the 
other hand, produces many ammino-com- 
pounds to which there is nothing corre- 
sponding among the compounds of nickel. 

Having put aside the common excuses 
for the observed divergences from the con- 
stant of Dulong and Petit, we are com- 
pelled to look round for some other 
hypothesis to explain them. 

The constitution of carbon compounds is 
how accounted for by a hypothesis concern- 
ing the configuration of the carbon atom in- 
troduced by Van’t Hoff and LeBel twenty- 
five years ago, and which is now accepted by 
the whole chemical world. It seems not un- 
reasonable to apply a similar idea to the ex- 
planation of those cases of isomerism which 
have been observed in certain compounds 
of the metals, notably chromium, cobalt 
and platinum. This has already been done 
by Professor Werner, of Zurich. If the 


SCIENCE. 


119 


constitution of compounds can be safely 
explained by such hypothesis, this implies 
the assumption of peculiarities in the con- 
figuration of the individual constituent 
metals around which the various radicles 
are grouped in such compounds; and hence 
peculiarities in the behavior of such metals 
in the elemental form may possibly be ac- 
counted for. For the atom of cobalt Pro- 
fessor Werner employs the figure of the 
regular octahedron. For nickel, therefore, 
which differs from cobalt in many ways, a 
different figure must be chosen. This, 
however, is for the present a matter of pure 
speculation. 





PRELIMINARY NOTE ON THE GROWTH OF 
PLANTS IN GYPSUM. 


In the ‘ Handbook of Experiment Station 
Work’ (1893), p. 176, the following passage 
occurs : 

“The action of gypsum as a fertilizer is 
not well understood. It appears to act in- 
directly in the soil, setting free plant food, 
especially potash, already present, but con- 
tributing little directly to the support of 
plants * * * It also promotes nitrification. 
Gypsum is used as an absorbent in manure 
heaps to prevent loss of ammonia.”’ 

Nevertheless, plants will grow in nearly 
pure gypsum, as we propose to show. 

On the east side of the San Andreas 
mountains, in southern New Mexico, is an 
immense deposit of white sand, which has 
the following composition, according to 
data kindly furnished by Mr. R. F. Hare, 
assistant chemist of the New Mexico Ex- 


periment Station : 

CaSO, + 2 H,O (Gypsum)........... 97.00 per cent. 
CaCO, (Calcium Carbonate )......... a-.lCUw* 
MgCO, (Magnesium Carbonate)... .06 “* ‘‘ 
MgSO, ( Magnesium Sulphate)..... — 
etd Livitits merssccegeecee 07 “6 
Ey ons onscscenccene 0 0 2c. ceccesceces +. trace. 

TE odanceecorntestnpsretoasennesiousine trace. 


In this deposit, locally known as the 
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White Sands, many plants grow and flou- 
rish. In Bulletin 22 of the New Mexico 
Experiment Station, Professor A. Goss 
gives a good plate showing the edge of the 
sands, with a Rhus and plenty of grass 
growing on the slope. On October 6, 1896, 
a few plants were obtained from the White 
Sands, and these formed the subject of an 
interesting paper by Miss Alice Eastwood 
in Proceedings of California Academy of Sci- 
ences, third series, Botany, Vol. I., No. 2.* 
Three of the plants were so modified by 
their peculiar environment as to constitute 
new varieties, viz., Gnothera or Galpinsia 
tubicula var. filifolia, G2. or Anogra albicaulis 
(pallida) var. gypsophila and Bigelovia (or 
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(1.) White Sands, as above. 
(2.) Larrea-soil, i. e., soil where the Larrea grows, 
on the bench behind the Agricultural (ol. 
lege. It consists of wash from the Organ 
mountains principally. 
(3.) Mesquite-soil, é. e., soil of the Mesquite zone, the 
one immediately below the last, also mainly 
derived from the mountains. 


(4.) Pluchea-soil, i. e., sandy soil from the zone of 
Pluchea borealis and the tornillo bush; river 
alluvium. 


(5.) Adobe soil, from the Station orchard. 


The plants were watered with well water, 
which contains some salts in solution, but 
not an excessive amount. The tallest plant 
in each pot was measured at intervals with 
the following results, given in centimeters : 


























WHEAT. 
| Feb.17.| Feb.26 | March7. March 14.| March19. April1. | June1l. wade feos. seal Ape 1 
White Sands, 3} | 18 | 23} 28} 344} (41 81 5 mm, 2) mm. 
Larrea,...... | 8 22 304 36 393 49 R2 eg «  -« 
Mesquite,...| 9 24 35 37 42 49 753 | 6¢ “ a3 
Pluchea,.... 8 | 24 31 34} 40 41 75 6 « Q « 
Adobe, ....., 93 25 7 39 42h 54 7 «=| BF « * 








Chrysothamnus) graveolens var. appendiculata, 
Two others, Thelesperma gracile and Muhlen- 
bergia pungens, were not modified. 

In 1897 Professor E. O. Wooton collected 
plants on the White Sands, adding a num- 
ber of species to the list. Of these, four 
have at present been published in the Bulle- 
tin of the Torrey Botanical Club, 1898. They 
are Conanthus carnosus, Wooton, and Andro- 
pogon neomexicanus, Nash, two new species 
as yet only known from this locality, and 
Sporobolus giganteus and S. nealleyi, not con- 
fined to the sands. 

On February 7th of the present year we 
sowed seeds of Feldspar wheat and the 
Rural New Yorker pea in pots in five dif- 
ferent soils in the Experiment Station green- 
house, ten seeds in each pot. The soils were 
as follows: 


*In this paper it is stated in error that the plants 
were gathered in August. 















The data of April 1st are the best, as 
they include measurements of the leaf and 
stalk. It will be seen that on June 11th 
the gypsum wheat actually out-topped that 
from the adobe soil (which previously was 
the best), but it was found that during the 
latter part of the experiment the roots 
from each pot have grown downwards 80 
as to form a mat in the soil on which 
the pots were placed, which was of good 
quality. This resulted from our thought- 
lessly transferring the pots from the bench, 
where they had stood, to the floor of the 
greenhouse to make way for some other 
plants. 

On June 11th the wheat was all ripe 
except one or two very small heads in 
all the pots except the gypsum one, which 
still had six or seven green heads. The 
ripe ears were gathered, and we got this 
result : 
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(1) White Sands, 9 ears, weighing 10.38 grams, containing 283 grains, weighing 7.310 grm 











Ss. 
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1 


] 





(2) Larrea, 10 ‘ec ‘c 9.77 “ec se 243 ‘e “ec 6.995 ‘ 
(3) Mesquite, » ? 10.60 ie = _—-** - — = 
(4) Tornillo, 10 “ “ 4188 “ “ 330 * “ 8.270 
(5) Adobe, 10 “ee “ce 10.24 “ec sé 954 “ec a 7.335 ‘ec 
Peas (Measurements in cm.). 
Feb. 26.) Mar. 7. | Mar. 14. Mar. 19. Apr. 1. 
| : [|_—___—_; —_—_— 
White Sands, | 12. a7, | 38 | 48. 57. 
Larrea, | 13). | 25). | 27}. 36. 51. 
Mesquite, i. i. O& = 38. 42. 
Pluchea, 134. | 29). | 36. 47. 53. 
Adobe, 123. 233. | 26. 35}. 54. 





No. 1 and 4 were not perfectly ripe, and 
may owe a very little of their weight to the 
extra moisture they contain. It will be 
seen that the gypsum wheat weighs up well 
with the others, and when its green heads, 
above mentioned, are ripe the product will 
outweigh considerably all of the others. 

It is seen from the table that the gypsum 
peas are decidedly the best. We could not 
measure the yield (the gypsum peas were 
the first to bloom, on March 19th), because 
certain girls of the class in horticulture saw 
fit to remove some of the pods when unob- 
served by their professor. 

ConcLusions.—It appears, from these pre- 
liminary researches, that nearly pure gyp- 
sum will nourish plants as well as ordinary 
soil, oreven better. It is not apparent how 
the wheat, ete., come by their nitrogen in 
such a soil, though the peas may well get it 
by means of their root-tubercles. The ab- 
sence of other elements is also noticeable, 
but it is not worth while at the present 
time to enter into a detailed discussion of 
causes and effects, as further researches will, 
itis hoped, make such a discussion more 
profitable at a later date. 


T. D. A. CocKERELL. 
FABIAN GARCIA. 


N. M. Acr. Exp. SrA. 
MESILLA PARK, N. M., June 17, 1898. 





THE CROSS-RATIO GROUP OF 120 QUADRATIC 
CREMONA TRANSFORMATIONS OF 
THE PLANE.* 

Grovps of linear substitutions have long 
been studied with reference to (1) the geo- 
metric representation in the plane or on the 
sphere, (2) the rational integral functions 
jeft invariant under the operators of the 
group. These questions now prove tobe of 
interest when investigated for groups of 
transformations of order higher than the 
first. The theory of birational transforma- 
tions (quadratic and higher) has been given 
by Cremona, Cayley, Clebsch and others. 
Groups of such transformations have been 
enumerated by Autonne and §. Kantor. 
The cross-ratio Cremona transformation 
groups of order n! were first given by Pro- 
fessor E. H. Moore in his lectures at the 
University of Chicago in the spring of 1895. 
These groups are found by determining for 
each permutation of n quantities a funda- 
mental system of n—3 cross-ratios in terms 
of which the cross-ratios of every four out of 
the n quantities are expressible, and then 
setting up the transformation relations 
among these n ! fundamental systems. 

* Abstract of a Dissertation submitted to the Facul- 
ties of the Graduate Schools of Arts, Literature and 
Science in the University of Chicago, April, 1898, in 
candidacy for the degree of Doctor of Philosophy 
(Department of Mathematics), by H. E. Slaught. 
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The case n=5 gives the group of 120 quad- 
ratic transformations of the plane which is 
the subject of the present study. This group 
contains a linear subgroup of order 244! 
which permutes in all possible ways the four 
fundamental points of the Cremona group. 
This subgroup is isomorphic with Klein’s 
linear group of order 4! for which Professor 
Moore has shown a division of the plane to 
be given by a certain complete quadrangle 
(including its diagonals) whose vertices are 
the four points permuted. 

I. This affords a means of finding a geo- 
metric representation for our quadratic group 
as follows: 

(1) A linear fractional transformation is 
found which throws the complete quad- 
rangle for the Klein group into another 
whose vertices are the four fundamental 
points of the quadratic group, and which, 
therefore, gives the division of the plane 
for the linear subgroup. (2) The linear sub- 
group is transformed by all the quadratic 
operators of G120, giving four quadratic 
subgroups conjugate with the linear sub- 
group. (3) The division of the plane for 
these quadratic subgroups differs from that 
of the linear subgroup only by replacing, 
each time, the three diagonal lines by cer- 
tain three conics. (4) The division of the 
plane for the main group is then given by a 
composite of the five pictures belonging to 
these five conjugate subgroups, and con- 
sists of the original complete quadrangle 
together with its diagonals and twelve con- 
ics. A further study of the various sub- 
groups shows the following conjugate sys- 
tems of special lines or points: (1) A sys- 
tem of ten elements consisting of the six 
sides of the original quadrangle, which are 
fundamental lines, and the four pencils of 
‘directions’ at the four fundamental points. 
(2) A system of fifteen lines consisting of 
the three diagonals and twelve conics. (3) 
A system of fifteen lines consisting of cer- 
tain three conics not in the configuration 
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and twelve ‘direction’ lines through the 
fundamental points. (4) Twelve real points 
at each of which five lines intersect. (5) 
Fifteen real points where four lines inter- 
sect. (6) Twenty imaginary points of 
three-fold intersection. (7) Thirty real 
points of two-fold intersection. (8) Twenty 
imaginary points lying by pairs on the six 
sides and four pencils. (9) Thirty imagin- 
ary points lying by pairs on the three diag- 
onals and twelve conics. 

II. The Klein linear group of order 4! 
also affords the means of finding the in- 
variants of the quadratic group, as follows: 
(1) The complete form-system of the linear 
subgroup comes from the known system 
for the Klein group by the same transfor- 
mation which throws the generators of the 
former group to those of the latter. (2) 
The most general invariant form of any 
given degree under the linear subgroup is 
then set up with arbitrary coefficients and 
operated upon by the quadratic generator 
which extends the linear subgroup to the 
main group. (3) This doubles the degree 
of the given form, and hence the only pos- 
sibility for the existence of an invariant 
under the quadratic group is to so deter- 
mine the arbitrary constants that a factor 
in the variables may divide out, leaving 
the original form. (+) Hence an invariant 
form under a quadratic operator must be a 
rational fraction, such that a common factor 
in the variables will cancel from numerator 
and denominator, leaving the original frac- 
tion. (5) It is found that the most general 
forms suitable for numerator and denomi- 
nator of invariant fractions of the 6th, 12th 
and 18th degrees respectively are : 


mA, m,A* + m,P*, m,A* + m,AP’ + m, 0 
when the m’s are arbitrary constants and 
A = 2p*q° — 6(p’r + q*) + 19pqr — 9r° 
P? = pq’? — 4(q'r? + p’r’) + 18pqr® — 277" 
C = 100p‘g'r?—1242r°+ 560p'g*r’ —2150p'¢'r" 
+ 2826pqr° — 286 (p*p*g’r* + p'g'r") 
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— 34(p'r* + g’r’) — 292(q’r* + p’r’) 
+p¢+per 
+530(p‘gr* + pq'r’) + 50(p'gr* + pq'r) 
—4(q' + pir’) — 12(p'q’r’ + p'g’r) 
in which p, q,7 in terms of the homogeneous 
variables are 
| ion Z, +Z, + Zs) 7= ZZ, + ZZ, + 2,23; 
r= Z,Z,Z.. 
It is to be noted that P itself is not ex- 
pressible in terms of p, g, 7, but 
p=22,2,(£,—%) (4-4) (4-4). 


As a remarkable coincidence it was 
found that the three invariants of the com- 
plete form-system of the binary quintic 
form, when written in terms of a fundamen- 
tal system of two cross-ratios of the roots, 
are precisely these forms A, P’, C, when 
similarly expressed in terms of the cross- 
ratios. It is shown that A, P’ and Care 
the complete form-system of our quadratic 
group, G,,., by a series of theorems of which 
the most important are the following: (1) 
An invariant under a quadratic operator 
must be a fraction whose numerator and 
denominator throw off a common factor in 
the Zs. (2) The numerator and denom- 
inator of an invariant fraction must be 
absolute or relative invariants under the 
linear subgroup and hence rational integral 
functions of the known invariants in its 
complete form-system. (3) There can be 
no invariant fraction whose numerator and 
denominator are of odd degree or of un- 
equal degree. (4) The most general in- 
variant form suitable for numerator or 
denominator of an invariant fraction under 
(... is of degree 6n and throws off the 
factor r°" (r= Z,Z,Z,) under the quadratic 
generator ; 2'.:27',:2', = Z,Z,:Z2,Z2,:Z,Z, (5) 
The most general invariant form under 
G,..(@) is of the form R,,,= P* Ry, — 4), where 
“ = or a positive integer and R,;, _ »,) con- 
tains no factor of P; and (b) has at each of 
the four critical points a multiple point of 
order 2(n+,). (6) If aand # are two 
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such ternary forms having the binary forms 
a and b, of degree 4 and », respectively, as 
tangential quantics at one of the critical 
points, then «a7 has ab as its tangential 
quantic at the same multiple point, and 
a-+ 7 has a, b or a + } according as is less 
than, greater than or equal tow. (7) No 
ternary form can have a binary tangential 
quantic at any critical point of odd degree 
in either or both of the cubic invariants be- 
longing to the dihedron subgroup which 
leaves the critical point fixed. (8) Two 
reduced ternary forms of the same degree 
which have the same tangential quantic at 
any critical point can differ only in such 
terms as involve P’ as a factor. 

By means of these theorems it is then 
shown, by a process of successive reduction, 
that the most general invariant form under 
G,,. is expressible as a rational integral 
function of A, P’, C, and thus a system of 
fundamental forms is established in terms 
of which all invariant fractions under the 
quadratic group can be expressed. The 
above forms are absolute invariants. The 
only relative invariant fractions are those 
expressible in terms of A, P and (, which 
are invariant except for change of sign. 





THE CONFERENCE OF SCIENCE TEACHERS 
IN THE TRANS-MISSISSIPPI EDUCATIONAL 
CONVENTION. 

A FEW months ago the undersigned was 
requested by the program committee to 
arrange a series of conferences of science 
teachers in connection with the Trans-Miss- 
issippi Educational Convention, to be held 
in Omaha, June 28th, 29th and 30th. As 
a result there were held seven conferences, 
namely, in Chemistry, Physics, Astronomy, 
Botany, Zoology, Geography and Geology, 
occupying the afternoon sessions of the 29th 
and 30th. The following abstracts of the 
principal papers will give some idea of there 
meetings. The attendance was not large, 
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being from thirty-five to forty, which was 
to be expected, since there were conferences 
upon twelve other lines of study in other 
places of meeting in the city at the same 
time. 

Professor C. 8. Palmer, of the University 
of Colorado, spoke on the teaching of chem- 
istry. He limited the scope of his remarks 
to the high and preparatory schools, and 
noted that only one-fourth of the time is 
asked for natural science, the other three- 
fourths involving mathematics, language, 
(English and Latin), literature and his- 
tory. He noted that there are two kinds 
of chemistry to be considered: one, that 
suited to the one-year course of the aver- 
age school ; and the other a much more con- 
centrated and specialized sort, suited to 
the newer standards now coming to recog- 
nition. He gave the chief arguments for 
natural science specialization in the high 
school, defending it against the accusation 
of narrowness, and emphasizing its discip- 
linary value. 

In view of this he emphasized the value 
of the qualitative proof in chemistry, leav- 
the quantitative proof for the college course 
in the main. 

(His remarks will be found in the fuller 
form in a forthcoming article in the School 
Review, with special reference to a discus- 
sion and defence of specialization in natural 
science in secondary schools. ) 

Instructor H. V. Kepner, of the Denver 
Manual Training High School, led this dis- 
cussion, emphasizing the contention of 
Professor Palmer. 

In the physics conference a paper on 
‘Graphical Algebra for High Schools’ was 
presented by Professor F. E. Nipher, of St. 
Louis. This paper was distributed in 
printed form. It was really an elementary 
text giving the author’s idea of what should 
be undertaken in connection with instruc- 
tion in algebra as now taught 

Equations based on simple physical con- 
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ditions were written, and the physical sig. 
nificance of each equation was pointed out, 
The equations were each represented graph- 
ically by curves, lines or surfaces. The 
geometrical meaning of making equations 
simultaneous and determining the values of 
the ‘unknown quantities’ by elimination 
was fully shown. The paper will be pub- 
lished as a text-book by Henry Holt & Co, 

In the discussion by President C. L. 
Mees, of the Rose Polytechnic Institute; 
Professor H. T. Eddy, of the University of 
Minnesota, and Professor B. E. Moore, of 
the University of Nebraska, the importance 
of graphical methods of representing results 
in Physics was emphasized, and the high 
schools were urged to give more attention 
to training their pupils in graphical concep- 
tions. 

Professor H. A. Howe, of the University 
of Denver, presented a paper on ‘ Astron- 
omy,’ in which he said that instruction in 
astronomy may well be a part of nature 
study in the four grammar grades. The 
moon’s phases and motion, the seasonal 
change of the sun’s place in the heavens, 
the motion of bright planets among the 
stars, and the appearance and changes of 
position of a few constellations, may be 
familiarized by observation. 

In the high school elementary descrip- 
tive astronomy may best be taught in the 
fourth year; accurate observation of the 
diurnal revolution of the heavens, and the 
learning of several constellations, may well 
precede any work with the text-book. Ob- 
servation of the heavens and the develop- 
ment of principles and facts by judicious 
questions should be strongly pushed; me- 
moriter work should be reduced to the 
lowest limit consistent with a fair general 
knowledge of the subject. 

Collegiate descriptive astronomy is sim- 
ply more thorough than high school work, 
and may involve more mathematics. ol- 
legiate mathematical astronomy is most 
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interesting and profitable where simple in- 
struments for time-taking and for micro- 
metric measurements are used by the 
students; where instruments are not avail- 
able the simpler problems of spherical as- 
tronomy may be studied. 

Work in celestial mechanics and origi- 
nal investigations along lines of practical 
astronomy and astrophysics must be done 
chiefly in post-graduate courses. 

In the conference on botany Professor 
Macbride, of the University of Iowa, argued 
that the special function of the schools was 
to give instruction to the people, primarily 
along practical lines. Botany is an emi- 
nently practical science and should reach 
the largest possible number of our people. 
To this end botany teaching should not be 
relegated to the high school exclusively, but 
simple phases of the subject should be pre- 
sented to the children of the schools uni- 
versally. The later methods of presenting 
the subject, while no doubt logical, have 
been in large measure unfortunate and with- 
out practical value. They have proceeded 
upon the notion that without microscope 
and laboratory botany cannot be taught; 
and, where introduced, they have too often 
left pupils without any true conception of 
botanical science, without any knowledge 
whatever of the commoner forms of vege- 
tation with which every intelligent person, 
not to say educated person, ought to be 
familiar. The older methods were faulty 
because they were so largely text-book 
methods, but they had the great advantage 
of using familiar material, of working from 
the known to the unknown. While un- 
willing to discourage research-work any- 
Where, yet, it was argued, such work be- 
longs rather to the universities. In short, 
public schools of all grades should under- 
stand well their mission, which is popular 
rather than technical education. 

Professor J. H. Powers, of Doane College, 
and Professor C. E. Bessey, of the Univer- 
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sity of Nebraska, thought that the difficul” 
ties in regard to the equipment and man- 
agement of laboratories in the high schools 
were not as great as Professcr Macbride ap- 
peared to believe, and urged the laboratory 
method as more helpful in high school 
work. 

In the conference in zoology Professor H. 
B. Ward, of the University of Nebraska, 
said that since the time of Agassiz no one 
can question the educational value of 
zoology nor its consequent right to a place 
in the high school curriculum. As a nat- 
ural development of the nature study in 
the lower grades, it may well come early in 
the course, preceded at most by a year of 
general science and physiography, and 
closely connected with work in botany. 

At least half of the time should be de- 
voted to laboratory work, where the obser- 
vations made by the student independently 
should be recorded in careful notes and ac- 
curate drawings. 

To bring the pupils in touch with nature, 
field excursions should form an integral 
part of every course. They also yield a de- 
sirable collection of objects representing the 
life of the vicinity and form the nucleus of 
a school museum which has no reason for 
existence other than as a working collection. 

Constant use should thus be made of the 
three laboratories: The school room, the 
museum and the great laboratory of na- 
ture. Finally, students should be en- 
couraged to read the travels of great nat- 
uralists and thus, through the eyes of 
Wallace, Darwin, or Agassiz come in con- 
tact with the great world of living things. 

Professor J. H. Powers, of Doane College, 
in discussing the paper, spoke earnestly in 
favor of zoological training, emphasizing the 
value of laboratory and field work. Pro- 
fessor H. W. Norris, of lowa College, in con- 
tinuation insisted that the end sought in 
zoological instruction is not so much an ac- 
quaintance with interesting and profitable 

















126 


facts as such, but rather the cultivation of 
an ability to discriminate between the 
essential and non-essential, and to appre- 
ciate the fundamental relationships existing 
between the various groups in the animal 
kingdom. 

Professor Erasmus Haworth, of the Uni- 
versity of Kansas, in the geographical con- 
ference dwelt upon the present unscientific 
treatment of geography in the schools, and 
discussed at some length the need of a re- 
form in both method and subject-matter. 
Much of what is given under the name of 
geography is not geography at all, al- 
though it may well be admitted that this 
non-geographical matter is often quite in- 
teresting and in some cases possibly useful. 
Often, however, there is a large amount of 
gross and inexcusable error, along with 
much irrelevant and unimportant matter to 
be found in the text-books. 

A lively discussion followed, in which the 
current text-books on geography were de- 
scribed as being nearly all bad. 

In the conference in geology Professor 
Todd, of the University of South Dakota, 
read a paper on ‘Geology as a Factor in 
Education.’ He enumerated the various 
advantages for culture which the study pre- 
sents. It is equal to any other natural 
science in its cultivation of the power of 
observation, while no other has its material 
so universally accessible and so permanently 
available. Other sciences often required 
the use of costly instruments and collec- 
tions. It cultivates reasoning, especially 
inductive reasoning, and gives practice in 
the ‘scientific method.’ Because its prob- 
lems deal with all degrees of accuracy and 
probability it especially fits one for the 
problems of actual life. No other science 
can equal it in its cultivation of the imagi- 
nation and in teaching its legitimate bounds. 
Because of its tangible data and the im- 
portance of its conclusions to related sub- 
jects of wide interest, it more than others 
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cultivates skill in clear and accurate de- 
scription. It strengthens the moral nature 
by instilling love for truth, by revealing the 
marks of an intelligent purpose in the cos- 
mos and by teaching man’s humble position, 
yet great power if he learns to work with 
Nature. It discovers a healthful and ra- 
tional recreation. It brings one in touch with 
many of the great economic problems of so- 
ciety. He concluded that its clearer and 
simpler principles, which have been grouped 
under Physiography, should be required in 
the high school, as was approved by the 
‘Committee of Ten,’ and that more might 
be offered at that stage as an elective. He 
presented reasons for deferring the more 
thorough pursuit of the science until after 
fair acquaintance with chemistry, physics, 
botany and zoology, and then at leasta year 
of geology (including mineralogy) should 
be required of all candidates for the degrees 
of B.Se., C.E. and M. E., while it should be 
accessible as an elective to all. 

Professor E. H. Barbour, of the Univer- 
sity of Nebraska, and Professor Erasmus 
Haworth, of the University of Kansas, fol- 
lowed in a discussion which emphasized the 
culture value of geology in the public 
schools, no other culture excelling it in the 
cultivation of the power of close observa- 


tion. 
CHARLEs E. Bessery, 


Chairman of Science Conferences. 





CURRENI NOTES ON ANTHROPOLOGY. 
THE BEGINNINGS OF MIND. 


A PLEASANT address on this subject by 
Dr. Julius Donath, of Budapest, is worth 
mentioning. It presents in an easy style 
the accepted principles of modern psychol- 
ogy, and in their light traces the growth of 
mind in relation to cerebral action in the 
development of the infant and child and in 
the species, as exhibited in the contrasts 
between savage and civilized modes of 
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thought. The scheme is comprehensive 
and well carried out in a brief compass. 
Dr. Donath notes several of the prevalent 
errors in such investigations, as lack of dis- 
crimination between a given stage of cul- 
ture and the psychic faculties of those who 
exhibit it, the mistake of assuming that 
mental power is correlated to cranial ca- 
pacity, and especially the incorrectness of 
supposing a parallelism between the psych- 
ical evolution of a child and the race, as 
Bucke, Baldwin and others have too literally 
assumed. (‘Die Anfange des Menschlichen 
Geistes,’ pp. 47; F. Encke, Stuttgart, 1898. ) 


MUSHROOM-SHAPED IMAGES. 
THEOBERT MALER and others have pub- 
lished illustrations of stone pillars with 
mushroom-shaped summits, occurring in 
Yucatan, Guatemala and elsewhere in 
Mayan territory. 

In the Globus for May 28th Dr. Carl Sap- 
per gives a picture of one in excellent pre- 
servation, about 30 centimeters in height, 
from San Salvador. On the shaft the face 
of a man (or monkey) is roughly outlined. 
Over it is the umbrella-like expansion. 

These have generally been considered 
phallic emblems. Dr. Sapper doubts this, 
and in fact there is no evidence for it be- 
yond a vague resemblance. He advances, 
however, no other explanation. 

I would offer a suggestion. They re- 
semble in shape mushrooms or toadstools, 
and why should not that be their intention ? 
Why should it be? Because the word for 
mushroom in Maya (Tzental dialect) is 
hu, sufficiently near to the word for moon, 
wh or yuh, to recall it in sound, and the 
night growth of the fungus would 
strengthen the mythical alliance. They 
would thus be emblematic of the lunar 
and nocturnal divinity. 


AMERICAN INDIAN GAMES, 
Tus subject is treated in an interesting 
manner from ample material by Mr. Stewart 
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Culin in the Bulletin of the Museum of the 
University of Pennsylvania, No. 3, Vol. I. 
He selects for analysis the game of dice or 
tossed staves, which he finds among sixty- 
one North American tribes. With much 
ingenuity he compares their implements 
and the decorations upon them, reaching 
the conclusion that they were all derived 
from some center in northern Mexico or 
near there ; the thread of connection which 
leads him being the throwing-stick, or «#latl, 
of the Mexicans. 

This is ingenious, but not wholly con- 
vincing. One may ask why the aflat/ might 
not have drawn its local symbols and trap- 
pings from the game, rather than vice versa. 
The symbolism is surely more recent than 
the game; atlatls are found elsewhere with- 
out it; and there are simpler explana- 
tions of the elementary symbolism of the 
game in the northern tribes. In the study 
of development it is usually wiser to begin 
with the simple and proceed to the complex, 
rather than the reverse. 

D. G. Brinton. 


UNIVERSITY OF PENNSYLVANIA. 





SCIENTIFIC NOTES AND NEWS. 


PREVENTIVE INOCULATION AGAINST PLAGUE. 


M. HAFFKINE made recently an address on 
the above subject at Poona, in the course of 
which, according to the report in the London 
Times, he compared the invasion of India by 
the plague bacillus to the invasion of Aus- 
tralia by rabbits, to the invasion of cer- 
tain soils in south Europe by the phylloxera, 
and to the invasion of South Africa by the or- 
ganism of the rinderpest, and used these anal- 
ogies to show that there are, in both the animal 
and vegetable worlds, diseases of which the 
cause, the morbid organism, can live and propa- 
gate outside the patient’s body, can grow in 
the soil, in water, be carried by clothing, bed- 
ding, instruments, by any living or dead object. 
If it happens that the natural conditions of a 
country are favorable to the life and propaga- 
tion of such an infectious organism, and as long 
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as these conditions continue unchanged, and we 
are unable artificially to alter them, there is no 
instance known of such morbid organisms 
having been ‘stamped out,’ as the expression 
in our daily reports is, by the will of men. If 
it were otherwise there would be no typhoid 
fever in the European barracks in India; or the 
microbe of cholera, let us say, would have been 
‘exterminated’ from the plains of Bengal, or 
the microbe of malaria from the rest of the 
country. Every time, therefore, said Dr. Haff- 
kine, that you may think of these matters, recall 
to your memory that rabbit question of Aus- 
tralia, or the phylloxera problem in the vine- 
growing countries of Europe. I hope you will 
then cease to wonder at the fact that, when the 
government and municipalities appoint com- 
mittees to deal with and to ‘stamp out’ the 
plague, the disease does not seem always to 
obey their measures. 

There are, it must be admitted, many phe- 
nomenain nature which it is notin our power 
to arrest; but we can run away from them, or 
protect ourselves against them individually. 
The marvellous success of vaccination against 
smallpox, and the history of the bacteriolog- 
ical efforts of the last 15 years, made the plan 
for effecting such a protection against plague 
obvious ; and, early after the outbreak of plague 
in Bombay, I put myself to the task of work- 
ing out a preventative inoculation to check the 
liability of individuals to that awful disease. 

The first demonstration of the working of 
this system can be made in the laboratory, and 
this has been already repeated and confirmed 
by many observers. You are aware that rats 
are exceedingly susceptible to plague. One 
takes 20 rats from a ship that has newly arrived 
in harbor, say from Europe, where there is no 
plague. Ten of them are inoculated with the 
prophylactic against plague, and the others are 
left as they are. Put back all the 20 rats to- 
gether, and introduce among them a rat that 
has the plague, or infect them all artificially 
with virulent plague microbes. In the course 
of time you will find that eight or nine, or the 
whole of the unprotected, will die of the disease; 
while perhaps only a single rat that has been 
inoculated with the protective lymph, or even 
not a single one, will contract the disease. 
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During the month of January, 1897, a large 
number of leading European and native gentle. 
men offered themselves to be inoculated, to 
prove the harmlessness of this method, and by 
the end of that month this question was solved. 
I believe, to the satisfaction of every one who 
took the trouble of attentively examining it. 

The results of the inoculations, up to the end 
of 1897, were given in some detail from several] 
different localities. The general facts were 
that the inoculated and uninoculated persons 
were everywhere living under the same condi- 
tions and exposed to the same risks of infec. 
tion, and that not only were the occurring cases 
relatively much fewer among the inoculated, 
but they were also much milder and attended 
by a much smaller proportionate mortality. 
To take totals, there were 1,268 deaths among 
7,803 uninoculated persons, and, in the same 
towns or districts, 62 deaths among 11,968 in- 
oculated persons. In Lower Damaum the 
number of cases was not stated, either for the 
inoculated or the uninoculated ; but the deaths 
were 36 in 2,197 of the former, against 1,482 in 
6,033 of the latter. This population being 
omitted, 259 cases among uninoculated persons 
were productive of 186 deaths, and 73 cases 
among the inoculated were productive of 26 
deaths. It must be borne in mind, in consider- 
ing the figures, that a large proportion of the 
cases occurring among the inoculated became 
declared within 24 hours of the inoculation, and 
were evidently the consequences of infection 
previously received into the system. 


AN EXHIBIT OF THE HISTORY OF MEDICINE. 


As we have already noticed, the Seventeenth 
Congress of German Men of Science and Phiy- 
sicians will be held at Dusseldorf from Septel- 
ber 19th to 24th. In connection with the Con- 
gress there will be several exhibits, one of 
scientific apparatus, one of scientific photography 
and one illustrating the history of medicine and 
science. The British Medical Journal gives some 
account of what is aimed at in the last met- 
tioned exhibit. It will comprise two main 
divisions: (a) general history of medicine, (!) 
special exhibits. The former class includes : 
(1) Ancient Pheenician and Egyptian medicine; 
(2) Assyrio-Babylonian, Medo-Persian and Old 
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Indian medicine ; (3) Lydio-Trojan medical an- 
tiquities ; (4) Greek and ‘ Hellenistic’ medicine ; 
(5) _Ibero-Etruscan and classical Roman medi- 
cine; (6) late Roman medicine, with its Gallo- 
Roman offshoots in Rhineland and in Gaul; 
(7) Byzantine medicine ; (8) Arabian medicine ; 
(9) Chinese and Japanese medicine ; (10) Frank- 
ish. Saxon and its Gothic medical antiquities ; 
(11) medizeval medicine of other Western coun- 
tries ; (12) the medicine of the Renaissance and 
modern times up to the end of last century. 
The medicine of Semitic and other nations will 
also be represented as far as possible, and an 
appeal is made to antiquarians and collectors 
throughout the world to assist in making the 
exhibition as completely representative as pos- 
sible. The special class of exhibits will com- 
prise material illustrating the following subjects: 
(1) Popular medicine, including that of savage 
peoples and that of civilized peoples, (2) Instru- 
ments of all kinds. (8) Geographical exhibits. 
(4) History of orders and associations for the 
care of the sick; knights, religious orders, as- 
sociations of deacons and deaconesses and lay 
societies. (5) Plague medals, plague masks 
and amulets against sickness. (6) Illustratious 
of hospitals, baths, physicians in the sick cham- 
operations, dressers, dissections. (7) 
Medals aud portraits. (8) Poetical scientists 
and scientific poets in Germany from the oldest 
times to the present day, with special reference 
to Goethe and his relations to Diisseldorf and 
the Rhine country. (9) History of medicine 
and the Lower Rhine, in the Duchies of Jiilich, 
Cleve and Berg, subdivided into exhibitions 
relating to (a) Laurentius Friesius, (b) Paracel- 
Sus, (¢) Weyer, (d) Kortum. Here, again, an 
appeal is made for portraits, medallions, photo- 
graphs and illustrated works, among the lat- 
ter, especially such as are of older date than 
1580 (receipt books, books about animals, 
anatomy, distillation, alchemy, astrology, 
magic, ete.). The exhibitors are not put to any 
expense, the Exhibition Committee undertaking 
to pay all freights and the cost of fire assurance. 
The exhibition, which is to be located in the 
Kunstgewerbe Museum, will be open in July, 
and exhibits will be received up to September 
15th, ‘The exhibition closes on September 30th. 
Any further information that may be desired 
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can be obtained by application to Dr. Frau- 
berger, President of the Exhibition Committee, 
Kuntsgewerbe Museum, Friedrichsplatz, Dis- 
seldorf. 

GENERAL. 

THE Paris Academy of Sciences has elected 
as correspondent in the section of medicine and 
surgery, Professor Ernst von Leyden, of Berlin. 
Thirty two votes were cast for Professor von 
Leyden and five for Professor Zambaco, of Con- 
stantinople. 


ON the occasion of his 80th birthday Profes- 
sor Bartholomew Price, Master of Pembroke 
College, Oxford, has been given a dinner at 
Queen’s College by his former pupils. He in- 
tends to resign the Sedleian chair of natural 
philosophy which he has held for forty-five 
years. 


Dr. ALLAN P. SMITH, a distinguished Balti- 
more surgeon, one of the original trustees of 
the Johns Hopkins University, died at Balti- 
more on July 18th. A. H. B. Beals, professor 
of philosophy and education in the University 
of Washington, was killed by falling through 
an open hatch on the steamship ‘ Arizona’ on 
July 18th. 


C. L. SHEAR and Ernst A. Bessey, recently 
of the department of botany of the Univer- 
sity of Nebraska, and now of the United 
States Department of Agriculture, have been 
sent to northern Colorado by the Division of 
Agrostology to collect grasses and seeds and to 
secure information in regard to the native and 
introduced forage plants of that region. 


Dr. L. A. BAUER is engaged this summer in 
locating and marking the boundary line between 
Allegheny and Garrett counties, Maryland. This 
boundary line calls for a straight line connect- 
ing two non-intervisible points, 20 miles distant 
from one another, the one being on the Great 
Savage Mountain, along the Mason and Dixon 
line, and the other at the mouth of the Savage 
River. Upon the completion of this work he 
will resume the magnetic survey of Maryland. 


Proressors H. D. CAMPBELL and D. C., 
Humphries, of Washington and Lee Univer- 
sity, are engaged in the work of the U. §. 
Geological Survey during the present summer. 
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Professor Humphries is making measurements 
of the rivers of southwestern Virginia. 


Iris hoped that ground will be broken shortly 
for the main or central portion of the Peabody 
Museum, Yale University, in order that the 
building may be completed at the time of the 
bi-centennial celebration in 1901. The reserve 
building fund left by Dr. Peabody now amounts 
to $100,000, and efforts are being made to col- 
lect the remaining $150,000 needed. 


THE Dreadnought Seaman’s Hospital at 
Greenwich has organized a school for the study 
of tropical diseases. The Colonial Office has 
contributed £3,550 towards the buildings, which 
it is estimated will cost about £13,000. Pro- 
vision will be made for from 20 to 25 students, 
and there will be a fully equipped laboratory, 
pathological room and museum. 


THE sum of £10,000 has been subscribed 
towards the Jenner Memorial. Half of this 
sum has been given by Lord Iveagh. 


AT a meeting of the standing committee of the 
Trustees of the British Museum on July 9tha 
letter was sent to Sir William Flower express- 
ing profound regret in accepting his resignation 
of the directorship of the Natural History Mu- 
seum and expressing high appreciation of his 
services during the past 14 years. The letter 
continues: ‘‘The rare combination of wide 
scientific knowledge with marked administra- 
tive ability and a sympathetic appreciation of 
the requirements of the uninstructed public has 
carried you through a most difficult task. Un- 
der your hands the natural history collections 
of the British Museum have fallen into the lines 
of an orderly and instructive arrangement which 
no one, whether man of science or ordinary 
visitor, can examine without admiration. To 
you, as a worthy successor of Sir Richard Owen, 
will attach the honor of having organized a 
museum of natural history which now occupies 
a preéminent position among all the museums 
of the civilized world.’’ 


A MEMORIAL has been addressed to the Trus- 
tees of the British Museum by a number of lead- 
ing British men of science, protesting against 
the rumored abolition of the post of Director of 
the Natural History Museum, resigned by Sir 
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William Flower. Both Sir Edward Maunde 
Thompson, the Director and principal librariay 
of the British Museum, and Sir William Flowe; 
have written stating that the memorial was 
founded on a misapprehension. The Natura] 
History Museum has always been a part of the 
British Museum, of which Sir Edward Maunde 
Thompson has been the chief executive officer, 
and the Trustees have no intention of abolishing 
the office of Director of the Department of 
Natural History, or of imposing any new limi- 
tations on the duties of that office. 


THE Congress of the Royal Institute of Public 
Health will meet in Dublin next month. The 
meetings will be held in Trinity College, where 
Sir Charles Cameron will deliver the presiden- 
tial address on the opening day. 


Ir may be remembered that there was held 
an International Congress of Experimenta! and 
Therapeutic Hypnotism in Paris in 1889. A 
second Congress has been arranged to follow 
the close of the International Medical Congress 
in the month of August, 1900. Four sections 
are planned: (1) The clinical and therapeutic 
relations of hypnotism and suggestion; (2) 
their medico-legal relations ; (3) their psycho- 
physical relations, and (4) their applications in 
pedagogy and sociology. Further information 
may be obtained from the Secretary, Dr. Beéril- 
lon, 14 rue Taitbout, Paris. 


BEFORE the Zoological Society of London, on 
June 21st, Mr. Abbott H. Thayer, of New York, 
explained his method of demonstrating, by 
actual experiments, the underlying principle 0! 
protective coloration in animals. An exhibition 
of his demonstrations was given in the Societys 
Gardens next day. 


THE report of Professor Lawrence Bruner, of 
the University of Nebraska, special agent for 
the investigation of the locusts of the Argentine 
Republic in 1897-98, has just appeared. It in- 
cludes figures and descriptions of the species 
which have been found to be most harmful, t 
gether with discussions of preventive and reme 
dial measures. 

Sir ARCHIBALD GEIKIE is preparing for the 


press a portion of the third unpublished volume 
of Hutton’s ‘Theory of the Earth,’ consistibg 
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of six chapters which have been in the posses- 
sion of the Geological Society since 1856. The 
rest of the manuscript cannot be found, but 
these chapters contain many interesting obser- 


vations. 


THE Ninth Report of the Missouri Botanical 
Garden contains several short papers by Pro- 
fessor Trelease. One on Florida Epidendrums 
shows that the plant of the Florida flora which 
has long been known as Epidendrum venosum is 
in reality E. Tampense, a species quite different 
from the true Mexican venosum. A colored plate 
of Tampense and a half-tone from a photograph 
of venosum render the distinctions quite evi- 
dent. A second paper on the common species 
of Apocynum calls attention to the charac- 
teristic difference in the habit of growth and 
position of the leaves of the common Dog- 
hanes, Apocynum androsemifolium and A, can- 
nubinum, which is well shown in two half-tones. 
A ‘new palm fungus’ is a short note con- 
cerning a palm disease which has proved quite 
destructive in Nebraska, and which is described 
as new, under the name Exosporium palmivorum. 
In a fourth paper Professor Trelease describes 
and figures a magnificent specimen of Yucca 
gigantea, Which he found in cultivation in one 
of the gardens of the Azores, some years since, 
and also notes certain changes in nomenclature 
of Yuceas, bearing upon his earlier studies of 
these interesting plants. A proliferous inflor- 
escence of Y. constricta collected in New Mexico, 
by Miss Mulford, is also described and illus- 
trated by a half-tone engraving. 


AT a special meeting of the Royal Geograph- 
ical Society, London, on June 27th, Professor 
Elisée Reclus brought forward his scheme for 
the construction and erection of a great terres- 
trial globe. According to the report in the 
London Times he began with a reference to the 
paramount importance which perfect accuracy 
had assumed in the knowledge of our planet ; 
he pointed out that truthful representation of 
a fragment of a sphere was impossible on a 
Plane surface. There was only one way of 
representing truly the surface of the earth : 8 
sphere or fragment of a sphere must be repro- 
duced by another sphere or fragment of a sphere. 
That was why he had such an intense desire to 
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see scientific opinion give this mode of plane- 
tary representation much greater attention than 
heretofore. Spherography, although the most 
important department of geography, had not 
kept pace with cartography, in which immense 
progress had been made, and he presumed it 
would be a real revolution when it had taken 
in science and practice the paramount place it 
deserved. Even scientific people were not yet 
sufficiently convinced of the absolute necessity 
of studying geography on images of our planet 
reduced to a given scale with the real propor- 
tions. Ifthe scale of the globe were very small 
—one to ten or twenty millions, for example— 
the surface had to be kept exactly even, pol- 
ished, so to say, because the proportional size 
of highlands and mountains could not be repre- 
sented. In larger spheres another element of 
truth and beauty was added in that the actual 
relief appeared on the curvature of the model. 
The system of exaggerating altitudes was 
utterly bad, contrary to real science, and to be 
discouraged by all geographers having respect 
for Nature and her laws. But as soon as the 
sphere was large enough to show at least one- 
millionth part of the real proportions then the 
heights and depths as well as the planimetric 
dimensions should be represented on that scale. 
On a large globe on the scale of 1: 100,000, 
rugosities of the surface might be finely shown, 
even hillocks 50 meters in height. Such repre- 
sentation of ordinary heights would afford an 
unexpected advantage by furnishing a standard 
of comparison, since those looking at a relief 
would easily estimate the real dimensions of a 
country by the sight of the ridges and moun- 
tains that diversified the surface. In conclu- 
sion Professor Reclus said the moment had 
come for a grander representation of the earth 
than had hitherto been made, for the erection 
of a model globe which would be as scientific- 
ally accurate as possible and which, being 
kept continually under correction, would be- 
come not only a thing most beautiful to look 
at, but also a standard study for travellers and 
geographers. 

AN explosion of acetylene gas occurred on 
July 9th at the metal works of Messrs. Goliasch 
& Co., Berlin. A foreman was killed and 
another man was slightly injured. 
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THE report of the Joint Select Committee of 
the British House of Lords and House of Com- 
mons on electrical energy (generating stations 
and supply) has been published in a Blue Book. 


A COMMISSION has been appointed to revise 
the United States patent laws. 


As we have already stated, the Albert Medal 
of the Society of Arts has this year been 
awarded to Professor Bunsen. At the annual 
meeting of the Society held recently, says 
Nature, the work of Professor Bunsen was re- 
ferred to by the Council in the following words : 
‘¢‘ Amongst the numerous and important scien- 
tific discoveries which have rendered the name 
of Bunsen famous wherever science is valued, 
perhaps the most striking is the one in which 
he was associated with his distinguished col- 
league, Professor Kirchoff, viz., spectrum analy- 
sis, a discovery which has shed a new and 
unexpected light on the composition of terres- 
trial matter, and has enabled us to obtain a dis- 
tinct knowledge of the chemical composition of 
sun and stars. The contributions which Bun- 
sen has made in the application of chemistry 
and physics to the arts and manufactures are of 
the utmost value, and their importance may be 
measured by two out of many instances. The 
Bunsen battery was, until the introduction of 
the dynamo, the cheapest source of electricity ; 
the Bunsen gas-burner, by which a non-lumi- 
nous, smokeless, but highly heated flame is ob- 
tained, is now not only indispensable in all 
laboratory work, but is used for heating pur- 
poses in thousands of houses and manufactories, 
and for illumination, by the incandescent sys- 
tem, in millions of lamps. Beyond these Bun- 
sen’s contributions to the sciences of chemistry 
and physics have been of the highest impor- 
tance; but, perhaps, the greatest benefit which 
he has conferred, through a long life devoted to 
the advancement of science, has been the influ- 
ence which he has exerted as a teacher. 





UNIVERSITY AND EDUCATIONAL NEWS. 

Ir was stated in a recent issue of SCIENCE 
that Mr. George A. Fowler had rebuilt the 
engineering building of the University of Kan- 
sas, which was struck by lightning and de- 
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stroyed by fire last March. In addition to this 
gift instruments and machinery to the value of 
$30,000 have been given to furnish the building, 


Mr. JOHN D. ROCKEFELLER has subscribed 
$10,000 toward the special fund now being ¢o]- 
lected for Barnard College. 

CARROLL COLLEGE, of Waukesha, Wis., has 
received from Mr. and Mrs. Ralph Voorhees, o; 
New Jersey, a gift of $50,000 on condition that 
$50,000 more be subscribed by October 1st, 
$6,000 towards the latter sum has already been 
subscribed. 

THE University of Paris has instituted a de. 
gree of ‘Doctor’ without any qualifying word. 
The new degree is open to foreigners and the 
tests are a thesis in French or Latin and a few 
questions on subjects selected by the candidates, 





DISCUSSION AND CORRESPONDENCE. 


MIOCENE EDENTATES, 


In the American Naturalist for December, 
1886 (p. 1044), Professor Cope described a nun- 
ber of osseous scuta and toe bones as those of 
a ‘ giant armadillo from the Miocene of Kansas,’ 
under the name Caryoderma snovianum. The 
type specimen is now in the University of Kan- 
sas Museum. The scuta and toe bones are iden- 
tical in all respects with another series recently 
removed from the carapace of a large tortoise 
from the same formation in Kansas, the Loup 
Fork. The tortoise is provisionally placed in 
the genus Nerobates, andis specifically probably 
identical with Testudo undata Cope. The error 
was not an extraordinary one on the part of 
Cope, since the dermal ossicles are peculiar for 
a tortoise. Its rectification, however, is im 
portant, since this reference was, I believe, the 
only one of the edentates to the Miocene o! 


North America. 
S. W. WILLISTON. 


UNIVERSITY OF KANSAS, July 16, 1898. 


SCIENTIFIC LITERATURE. 


Par A. BINeET et V. 


La fatigue intellectuelle. 
1898. Pp. 


HENRI. Paris, Schleicher Fréres. 
336. (Bibliothéque de Pedagogie et de Psy 
chologie. ) 








JuLy 29, 1898. ] 


It would be difficult to select a topic in the 
feld of psychology that would enlist a wider 
‘nterest than that of mental fatigue. It is one 
of the most characteristic of the ills that flesh, 
or at all events civilized flesh, is heir to. From 
the school boy to the professor, in all profes- 
<jons and in business, the ery is overwork, ex- 
haustion and fatigue. The well known tired 
feeling is altogether too familiar, particularly 
in newer civilizations and in communities in 
which the push and drive of commercial ambi- 
tion set the pace for an equally exhausting 
social and intellectual competition. Asa ques- 
tion of practical hygiene the avoidance of undue 
fatigue is of the highest importance; and here, 
as elsewhere, the only certain path to relief is 
the one that leads through a systematic study 
of the nature of the normal and abnormal pro- 
cessesconcerned. The physiology and psychol- 
ogy of fatigue must be minutely and success- 
fully investigated before the practical applica- 
tions can be made to the routine of the school 
room or the most economical division of labor 
for the intellectual worker. In a matter of 
such fundamental and familiar import there is, 
of course, a considerable accumulation of wis- 
dom, which, however vague or ill arranged, 
must not be altogether despised. It is, unfor- 
tunately, true that in many emergencies of life 
our actions cannot be guided, even if we are 
ready to guide them, by scientifically established 
principles and logically verified inductions. 
Particularly in such complex matters as psy- 
chology must take into account is there the 
greatest necessity for discernment and caution 
in applying knowledge to practice. Individual 
differences and circumstantial details often pro- 
foundly affect deductions; for it is equally true 
that one man’s meat is another man’s poison, 
and that one man’s work is another man’s play. 
These considerations are presented to imply not 
that the management of intellectual effort and 
the avoidance of fatigue cannot be directed by 
scientific principles, but rather by mother wit, 
but only that the illumination of this field of 
inquiry isa difficult and slow process. None 
the less we can dispel the total darkness that 
hangs over the region and here and there get 
“pa modest searchlight that may reveal the 
more intimate nature of a few limited areas. 
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The work of Messrs. Binet and Henri, though 
not the first work on fatigue, is the first work 
on mental fatigue, and the first attempt to 
prepare a compendium of our knowledge 
regarding the general topic. If the net 
outcome seems meagre the above considera- 


tions regarding the difficulties and newness 


of the inquiry may be urged in excuse. It 
should also be borne in mind that the removal 
of misconceptions and the elaboration of a 
method in themselves form a considerable ad- 
vance. 

The investigations regarding mental fatigue 
naturally fall into two divisions : first, the effect 
of intellectual effort upon physiological func- 
tions ; and second, their effect upon psycholog- 
ical activities. The establishment of the gen- 
eral principle that mental processes are corre- 
lated with cerebral functions, which in turn 
depend upon the integrity of a wholesome 
blood supply, prepares us for the conclusion 
that all intellectual effort modifies, however 
slightly, the physiological status of the moment. 
The ingenious demonstrations of Mosso and 
others have revealed the marvellous delicacy 
of this psycho-physical interdependence, that 
seems to be limited only by the sensitiveness of 
our devices for detecting it. More directly, 
Hodge has shown the effects of more or less 
prolonged fatigue upon nerve cells, so that our 
conception of a tired nerve cell is no longer 
purely a matter of hypothesis. There is, of 
course, no definite point at which work passes 
into fatigue; the effects of fatigue are the 
effects of continued activity, the intensity and 
even the kind of effects depending upon the 
prolongation of the effort. There are also the 
accompanying subjective feelings of fatigue, 
but these have not been made part of experi- 
mental investigations. 

The first group of problems in such investi- 
gation relates to the selection of typical forms 
of mental effort and the technique by which 
their effect upon physiological functions may 
best be noted. Counting the number of letters 
in a printed passage, writing to dictation at a 
maximum speed, reading aloud, numerical cal- 
culations performed mentally, committing num- 
bers or syllables to memory, have all been em- 
ployed. The main desiderata for the most 
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suitable experimental mental effort is one that 
shall involve a minimum of motor expression; 
that shall, too, as nearly as possible, involve the 
same processes when performed by different 
persons; that shall involve continuous but not 
too severe concentration, and that shall yield 
results by which the duration and the correct- 
ness of the task performed can be measured. 
No one of the above processes answers all of 
the requirements—and they are not the only 
ones—but on the whole the authors prefer the 
dictation and regard simple calculations as 
highly appropriate. One further general fact 
must be taken into account. In repeatedly per- 
forming the same mental task we become more 
proficient and do it more rapidly and better. 
Fatigue would tend to lengthen mental pro- 
cesses andintroduceerror. Hence the effect of 
practice tends to counteract and disguise the 
effects of fatigue; still it would remain true 
that the most fatiguing type of effort would 
show a less rapid increase of efficiency with 
practice than lighter occupations. Neglecting 
for the moment these and other difficulties, we 
may briefly review the established results re- 
garding the effect of certain typical forms of 
intellectual effort upon physiological and psy- 
chological functions, 

It appears that intellectual effort at first 
quickens the heart beat, but later (after 30 
minutes or more) slackens it ; at the same time 
the pressure of the blood is increased ; more 
blood flows to the brain, and the character of 
the pulse curve is affected. Likewise the res- 
piration is quickened, but the amplitude of 
each inhalation is diminished and the amount 
of carbonic acid given off and of oxygen absorbed 
is increased, while for any considerable mental 
effort the bodily temperature becomes higher. 
It likewise appears that the effects of prolonged 
effort are frequently of an opposite character 
to those of a brief, even if violent, effort, 
and that individual differences are significant. 
Moreover, most of these results are quantita- 
tive in character, and by far the largest portion 
of the first part of the volume (in itself over 
200 pages) is devoted to a technical account of 
the equipment by which such quantitative re- 
sults may be secured. 

A particularly important relation is that be- 
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tween intellectual effort and muscular effort. 
A brief mental exertion (15 minutes or less) 
seems to increase the momentarily available 
muscular energy as measured by the dyna. 
mometer, but a longer mental exertion distinet]y 
decreases it, and particularly does it decrease the 
total capacity of muscular work as measured by 
the Ergograph. Emotional excitement in cop. 
nection with intellectual work may postpone 
the muscular enfeeblement and continue for a 
longer period the increase of muscular energy 
which appears to accompany brief mental exer- 
tions. Furthermore, the effect of longer and 
shorter periods of rest may be measured by 
their restoration of the total working energy as 
compared with the normal. Insome of Mosso’s 
subjects this tendency of mental work to de- 
plete the muscular energy is most striking; 
and the Ergographic curves written by a pro- 
fessor on three successive days of holding oral 
examinations of candidates for a degree reveal 
a progressive muscular exhaustion, which in 
turn gives place to a gradual recuperation after 
one or more days of rest. Evidence of this 
character leads Professor Mosso to-hold that 
physical exercise is not a proper relaxation from 
mental effort; absolute rest of mind and body 
is more desirable and effective. In this con- 
nection, as well as elsewhere, it is important to 
emphasize the difficulty of establishing a nor- 
mal by which deviations caused by mental ex- 
ertion or other influences may be measured ; for 
there are larger and smaller fluctuations of all 
kinds. The morning and the evening, before 
and after meals, or sleep, the summer and 
winter, age, sex and temperament, all intro- 
duce complications which can only be eliminated 
by prolonged and logically conducted observa- 
tions. 

Before proceeding to the more strictly psy- 
chological studies attention may be drawn to 
two interesting fatigue curves, which the au- 
thors have found in their observations. The first 
relates to the consumption of bread in certain 
French boarding schools for the different 
months of the year, it being understood that 
bread is supplied ad libitum. It appears that 
in the months following the vacations most 
bread is consumed, the amount decreasing with 
fair regularity until the minimum is reached i2 
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July; and this is interpreted to mean that there 
isa gradual decrease in vitality as the result of 
the continued school work. The second is the 
remarkably close correlation between changes 
in touch sensitiveness as tested by the ewsthesi- 
ometer and the fatigue effects of mental occupa- 
tion. After an hour or two spent in the class 
room the distance apart between two points 
which ean still be felt as two when applied to 
the forehead, or the nose, distinctly increases, 
and after a rest it again decreases. This is 
probably to be interpreted as a modification not 
in skin sensibility, but in the attention, for it 
requires close attention directed to the part 
touched to distinguish whether one feels a sin- 
gle point or a pair of points. None the less it 
is somewhat noteworthy that this test should 
yield more positive and uniform results than 
several others in which the mental element is 
apparently more prominent. 

In the psychological tests the pervading prin- 
ciple is the detection of changes in the rapidity, 
accuracy, scope and extent of mental processes 
due toa general intellectual fatigue or to the 
special waning of the particular group of pro- 
cesses as the result of their prolonged exercise. 
A good example of the latter class is the test 
frequently applied to school children of requir- 
ing them to perform an extended series of sim- 
ple additions or multiplications. In a typical 
result there is first an increase in facility due to 
the practice or adaptation to the task, which 
gives place to a decrease in facility from 
quarter-hour to quarter-hour ; and the increase 
in the number of errors furnishes a stif] more 
striking evidence that fatigue is setfing in. 
Here, again, a period of rest will bringabout a 
return to a normal facility, and a rest of two 
hours will be more effective than a rest of one 
hour. A good example of general fatigue 
is evidenced in the comparison of the rate and 
accuracy of addition or dictation or memory or 
reaction-times in the early morning hours and 
again at the close of the morning or the day’s 
Work. In a typical curve, in which time or 
‘rrors are tabulated, the time needed for the 
ca’culations, as well as the proportion of mis- 
takes, increase after school work, decreasing 
‘gain after hours given to recreation. There 
'S quite definite evidence as well that a more 
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concentrated effort brings about a greater in- 
crease in time and errors, and that the various 
forms of test for mental fatigue—calculations, 
dictations, reactions, memorizing and the like— 
yield consistent although not equally definite 
results, 

It thus appears that an appreciable advance 
has been made in the methods of detecting the 
nature and degree of fatigue of various types ; 
that interesting and fairly precise means 
of measuring these have been devised; some 
insight into the variety and complexity of the 
factors involved in fatigue has been gained, 
and some moderately successful applications to 
the work of the school room have been offered. 
To pursue the investigations further requires a 
further elaboration of technique, a more com- 
plete elimination of the sources of error, a more 
thorough application of logical method to the 
arrangement and interpretation of tests. One 
very wholesome lesson of all this is that the 
path from knowledge to practice is a long and 
tortuous one. A suggestion arising from a slight 
experimental investigation is not a sufficient 
basis for raising a cry of overwork, or for re- 
forming the school program; nor is an off- 
hand acquaintance with the general results of 
studies in fatigue without a detailed compre- 
hension of the experimental conditions under 
which such results were obtained, a proper 
basis for either their criticism or their applica- 
tion to pedagogical problems. The study of 
mental fatigue is certain to become, and practi- 
cally has become, a technical acquisition ; 
the popular interest must be severely regu- 
lated by scientific method and caution; 
its possible practical aspect and the desire to 
reach practical results must not be allowed to 
interfere with a proper theoretical discussion 
and analysis. Moreover, the road from theory 
to practice must be by way of a quantitative 
analysis. The determination of the facts of 
fatigue, however useful and indispensable, is in 
part subservient to the determination of the de- 
gree of fatigue ; the how much rather than the 
how is needed for practical application, or rather 
it is precision of nature and degree that makes 
practice possible. The fact that many diseases 
are of germ origin is, of course, of great impor- 
tance, not only negatively by discountenancing 
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other hypotheses, but positively by shaping 
men’s views regarding disease in a right direc- 
tion ; but the great applications of this view 
came only when it was demonstrated that cer- 
tain definitely recognizable microbes were the 
cause of definitely recognizable diseases. It 
was the precise, not mere general, knowledge 
that most largely influenced practice. In the 
same way regarding fatigue our most valuable 
applications can be expected to appear only 
when detailed and precise investigations have 
reached a high degree of development. 

Not all fatigue is dangerous or abnormal, and 
because children or scholars become tired it 
does not follow that they are overworked. The 
lowest functions, notably the heart beat, seem 
to have an automatic or semi-automatic form 
of recuperation ; so that, provided there is no 
forcing of them to work at too high a speed, 
recuperation keeps pace with exhaustion. The 
highest functions, and, most of all, the brain en- 
ergies demanded by civilized life, fatigue most 
readily. At what point normal fatigue passes 
into abnormal it is not easy to determine. The 
best test is the capacity for recuperation. A 
fatigue, however severe, whether physical or 
mental, that is totally dissipated by a night’s 
rest can hardly be said to be abnormal. It is 
only when the principal is being drawn upon 
that the danger of exhaustion begins. Severe 
effort, periods of strain and stress, are unavoid- 
able in modern life. The capacity to undergo 
them is a legitimate aim of education, but still 
more important is the recognition of the danger 
line and the strength to refrain. A most im- 
portant phase of intellectual hygiene is that 
suggested by the dangers of abnormal fatigue. 
This is only slightly touched upon in the pres- 
ent volume and still awaits a comprehensive as 
well as practical treatment. 

‘La fatigue intellectuelle ’ must be welcomed 
asa useful and ably prepared compendium ; it is 
by no means a perfect book, possibly not even 
as good a book as the imperfect material at 
command made possible. There are some im- 
portant omissions, such as the neglect of the 
important work of Lombard and Hodge; the 
perspective is frequently unfortunate , many 
pages being allotted to technical discussions 
which more properly belonged to an appendix, 
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and the main line of argument consequently 
suffering in continuity ; and considerable ma. 
terial is introduced, such as the long discus. 
sion of the report on ‘le surmenage intellec. 
tuel’ of the French Academy of Medecine. 
which is of asecondary interest and hardly ger- 
mane to the rest of the work. None the less, 
the volume is a noteworthy one, which no stu. 
dent of psychology can afford to overlook. 

It is further noteworthy as the first volume 
of a series on pedagogy and psychology. The 
announcement of such a series indicates that in 
France the problem of the relation between 
these two disciplines has been seriously taken 
up. The authors of the present volume are 
most forcible in their expression of the view 
that the pedagogy of the future must be founded 
upon psychology, and that most of the old 
pedagogy is ‘ verbiage.’ The further progress 
of this movement in France will be watched 
with the greatest interest by those in America 
who are laboring with the same problem. 


JOSEPH JASTROW. 


Syllabus der Pflanzenfamilien. Eine Uebersicht 
tiber das gesammte Pflanzensystem mit Beriick- 
sichtigung der Medicinal- und Nutzpflanzen. 
Zweite, umgearbeitete Ausgabe. Von Dk. 
ADOLPH ENGLER. Berlin, Gebriider Born- 
traeger. 1898. 8vo. Pp. 214. 

The near completion of Die natiirlichen 
Pflanzenfamilien originated by Engler and Prant! 
some ten years ago gives this Syllabus a pecu- 
liar interest, as it attempts to place in compact 
form the conclusions of the senior and only 
surviving author of the Pflanzenfamilien with 
reference to the relationships of the various 
groups of plants. We can but feel that if the 
eryptogamic projector had lived, the Uebersicht 
would have been less one-sided, for on its crypto 
gamic side it shows patch-work instead of a 
logical summary made from a broad perception 
of relations and perspective. We shall criticize 
the work mainly from the cryptogamic side, but, 
as it represents the highest generalization ©! 
the so-called Berlin school of botanists, it must 
also be criticized in those points in which it de- 
parts from their announced principles of ta% 
onomy. For the arrangement of the sperm’ 
phytes it represents, without doubt, the work 
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of the highest authority, based as it is on the 
earlier work of Eichler, for in the past few 
years the Germans have surpassed the English 
in their broad philosophical views of taxonomy 
and are leaving all other European nations far 
in the rear in their advance in systematic 
botany. The work is further useful to stu- 
dents in that it calls attention in a brief but 
pointed manner to those plants which are use- 
ful to man, and this with its systematic ar 
rangement makes the syllabus a practical and- 
convenient handbook. In the systematic ar- 
rangement the following succession of groups is 
adopted : 
ABTEILUNG, 
UNTERABTEILUNG, 
KLASSE, 
UNTERKLASSE, 
REIHE, 
UNTERREIHE, 
FAMILIE, 


A series practically the same as that generally 
followed on this side of the Atlantic since Ab- 
teilung is the equivalent of Phylum, and Reihe 
of our Order. 

The chief divisions of plants as far as classes 
given in the Syllabus are as follows : 


I. Abteilung. Myxothallophyta. 
1. Klasse. ACRASIEAE. 
2. Klasse. PLASMODIOPHORALES. 
3. Klasse. MYXOGASTERES. 

Il, Abteilung. Euthallophyta. 

1. Unterabteilung. Schizophyta. 

1. Klasse. SCHIZOMYCETES. 
2. Klasse. ScHIZOPHYCE®. 


) 


2. Unterabteilung. Flagellate. 


1. Klasse. ACHROMATOFLAGELLAT. 

2. Klasse. CHLOROFLAGELLAT. 

3. Klasse. PH®OFLAGELLAT. 
3. Unterabteilung. Euphycex. 

1. Klasse. PERIDINIALES. 

2. Klasse. BACILLARIALES. 

3. Klasse. CONJUGATE. 

4. Klasse. CHLOROPHYCES. 

5. Klasse. CHARALES. 

6. Klasse. PHROPHYCE. 

7. Klasse. DICTYOTALES. 

8. Klasse. RHODOPHYCES. 
4. Unterabt:ilungen. Eumycetes. 

1. Klasse. PHYCOMYCETES. 

*. Klasse. BASIDIOMYCETES. 
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3. Klasse. ASCOMYCETES. 
Anhang FUNGI IMPERFECTI [sic]. 
Nebenklasse LICHENES. 
4. Klasse. LABOULBENIOMYCETES. 
Ill. Abteilung. Embryophyta zoidiogama. 
1. Unterabteilung. Bryophyta. 
1. Klasse. HEPATIC. 
2. Klasse. Muscrt. 
2. Unterabteilung. Pteridophyta. 
1. Klasse. FILICALEs. 
2. Klasse. SPHENOPHYLLALES. 
3. Klasse. EQUISETALES. 
4. Klasse. LYCOPODIALES. 
IV. Abteilung Embryophyta Siphonog- 
ama. 
1. Unterabteilung. Gymnosperme. 
1. Klasse. CYCADALES. 
Klasse. BENNETTITALES. 
Klasse. CORDAITALES. 
Klasse. GINKGOALES. 
Klasse. CONIFER. 
Klasse. GNETALES. 
terabteilung. Angiosperme. 
. Klasse. MONOCOTYLEDON&. 
. DICOTYLEDONES. 


> me o9 29 
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The most patent objection to the primary di- 
visions of the above series is seen in its clumsy 
group names. With such appropriate names as 
Archegoniata and Spermaphyta* in common use 
on both continents, the use of such compound 
terms as ‘Embryophyta zoidiogama’ and Em- 
bryophyta siphonogama’ is entirely uncalled- 
for, especially since the supposed characters in- 
volved in the terms have been exploded by 
the researches of Japanese and American bot- 
anists. Likewise the use of prefixes, particu- 
larly that of ‘Eu’ is highly objectionable. If 
a plant is a thallophyte at all, it is naturally a 
true or sure-enough thallophyte without the use 
of a prefix; and if the Mycetozoa are to be re- 
tained in the vegetable kingdom where they un- 
doubtedly belong, some group name suggestive 
of their animal affinities would be at once more 
suggestive as well as more simple than ‘ Myxo- 
thallophyta.’ 

Notwithstanding the dictum issued from Ber- 
lin in regard to the proper rules of nomencla- 
ture to be followed, announcing, among a few 
other excellent suggestions, that family names 


*Or Spermatophyta if exact etymology rather than 
condensed simplicity is sought. 
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exclusively should end in -acee and ordinal 
names in -a/es, in this first publication issued 
under those rules their author violates them in 
giving the termination -ales to fourteen out 
of thirty-four of his classes! But this is not all. 
In the synopsis before us the same termination, 
which by the rules should be restricted to 
orders, is given to group names of four different 
grades, as follows: 

Klassen: Plasmodiophorales, Peridiniales, etc., 
as above. 

Unterklassen: Bangiales, Sphagnales, Andrew- 
ales, Archidiales, Bryales. 

‘ Familien-gruppe (Unterordnung):’ Uredina- 
ceales, Auriculariaceales, Perisporiaceales, etc. 

Reihen: Is used in the majority of cases 
(though for less than 60 per cent. of the crypto- 
gamic orders), but with such unnecessary excep- 
tions as Siphonezx, Phzeosporer, Zygomycetes, 
Autobasidiomycetes, Basidiolichenes, Cleisto- 
carpe, etc., among the cryptogams, to say 
nothing of nine out of the eleven orders of Mono- 
cotyledinz! Surely consistency is not a marked 
feature of the Berlin system ! 

If any of the leading parts of a system 
are to appear, their appearance should be a 
constant feature. Surely classes and orders 
should not be omitted in any well-constructed 
system ; and yet here we find no orders what- 
ever among the schizophyta,the diatoms, the 
conjugate, and the gymnosperms, and among 
many of the cryptogams, particularly the fungi, 
the orders appear to have been distributed to 
the next lower groups of some suggested sys- 
tem, instead of being built up as names for 
closely allied groups of families bound together 
by such morphological characters as would in- 
dicate a community of descent. Surely such 
conglomerates as Autobasidiomycetes and Euas- 
cales are not homogeneous, and no one familiar 
with fungi would think of regarding them as 
such. 

If the Zygomycetes and the Oomycetes are to 
be regarded as simply orders, why should their 
homologues in the algal series be placed the one 
as a class (Conjugate), and the other simply as 
an order (Siphonex)? And what reason except 
inconsistency for not writing the latter name 
Siphonales, uniform with Protococcales and 
Confervales, which are consistently formed? 


For our own part we cannot see why Spirogyr, 


and the desmids deserve class distinctions fry, 
Vaucheria, when Hydrodictyon and Draparny. 
dia do not receive it. Surely an order (njy. 
gales among the Chlorophycez would be a mors 
logical arrangement and it would seem tha; 
Coleochxte might be more properly advanced ty 
ordinal rank than Chara to that of a disting 
class. The elevation of the Laboulbeniacex to 
class rank will be regarded as a bold step, 
Surely with all their unique characters they 
are more truly Ascomycetes than the Ustilagi. 
nales are Basidiomycetes! An order surely they 
are, as we have before affirmed, but scarcely, 
class. And one order, the Myxobacteriales, js 
not even mentioned, due largely, no doubt, to 
the fact that they have been worked out by an 
American investigator, for work done on this 
side of the Atlantic is systematically overlooked 
by the Germans in their usual self-complacent 
manner. 

We doubt, too, if bryologists will agree in a: 
signing subclass distinction to the four orders 0! 
Musci, especially when Anthoceros has only or- 
dinal separation from the other Hepatice. 
Neither will fern students agree with the sep- 
aration of Marattia and Ophioglossum as typesot 
orders while the other groups of ferns remail 
merely families. Better by far regard tle 
Filicales, Lycopodiales and Equisetales as orders 
and thus avoid the unjust and unequal separ 
tion of groups that were never thus organized 
by nature. A similar criticism again might 
given to the classes of Gymnosperme whit’, 
posing as orders, would be at once more simp! 
and more rational. 

The German tendency towards redundatty 
shows itself not only in the Abteilung as noted 
above, but also in the Reihe as ‘ Filicales ley 
sporangiate,’ and ‘ Lycopodiales eligulate, 
and even in the families as ‘ Jungermanniace* 
anacrogyne.’ Such complexities of polysylla: 
bles as well as such minor redundancies . 
Euequisetales should not be allowed to com)" 
cate a proper system. 

In several cases, ordinal terminati . 
badly formed as Uredinaceales for the simpler 
Uredinales, Auriculariaceales for Auriculat™ 
ales, Hypocreaceales for Hypocreales, Sph#"™ 
ceales for Spheeriales, etc., all of which were 


ons are 
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more properly used in Die natiirlichen Pflan- 

zenfamilien, but here have become unneces- 

sarily complicated. 

Die natiirlichen Pflanzenfamilien has been ex- 
ceedingly unfortunate in the preparation of its 
cryptogamic portions, not only in the loss of 
its eryptogamic editor, but, before the comple- 
tion of their work, of a collaborator in each of 
the series alge and fungi, who were removed 
by untimely death. This has made the treat- 
ment of these groups very unsatisfactory, par- 
ticularly the fungi, which are more varied and 
complicated and hence more difficult in treat- 
ment, and their Uebersicht in the present work 
is surely no improvement over the patch-work 
of the former treatise. While the Syllabus can 
probably be regarded as the expression of the 
clearest generalizations with reference to the 
relations of the higher plants, as a systematic 
arrangement of the cryptogams it is in many of 
its features unfortunate and in a few a lament- 
able failure. L. M. UNDERWOOD. 

A Text-Book of Special Pathological Anatomy. 
By Ernst ZIEGLER. Translated and edited 
from the eighth German edition by DONALD 
MAcALISTER, M.A., M.D. and HENRY W. 
CATTELL, M.A., M.D. New York, The Mac- 
millan Company. 1896, ’97. 

Pathology in its modern sense is one of the 
youngest of the biological sciences, although its 
subject-matter ranks with anatomy in antiquity. 
No more rapid strides have been made by any 
department of biology than have marked the 
progress of pathology, and none has suffered 
greater transformation since the promulgation 
of the cell doctrine. It is to be remembered 
that it was a pathologist who formulated the 
doctrine omnia cellula e cellula, At the present 
time pathology embraces several fields more or 
less distinct, invading, in its persistent search 
for the prime causes of disease, the domains of 
botany, on the one hand, and zoology, on the 
other, 

It seems to us natural to regard bacteriology 
“S essentially a medical subject, although the 
humber of species of bacteria of interest and 
known to the pathologist is but a fraction of 
those of which the botanist must take account. 
However, it is to the constant endeavors of the 
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physician that the present relatively extensive 
knowledge of bacterial species and activities is 
to be ascribed. Without his quest for the cause 
of the contagious and infectious diseases, bac- 
teriology as a science would scarcely exist 
to-day. In the same way the lowest animal 
forms will receive a new interest and meaning, 
and there will arise a new impetus to their 
study, so soon as more diseases are traced to 
them and improved technical means make it 
possible to control their investigation, as can 
now be done with the bacteria. 

A fair idea of the progress of pathology can 
be gained by comparing the two English edi- 
tions of the text-book under consideration, the 
first—that which appeared in 1884—with the 
present one. The main difference is not found 
in the greatly increased volume of the latter, 
but in the altered points of view and the defi- 
niteness of the one as compared with the other. 
Pathology, like other natural sciences, has been 
characterized, in its growth, by two stages— 
one the acquisition of data, and the other the 
orderly arrangement and classification of the 
accumulated facts. Workers all over the world 
are still busy collecting data and verifying, 
where possible, their observations and concep- 
tions by experimentation under known condi- 
tions. The animal organism is exposed to so 
many influences of injurious nature—some gen- 
erated within and others applied from without 
the organism—that there seems no end to the 
variety and complexity of the phenomena met 
with. Notwithstanding this fact, the complex 
problems of inflammation, new tissue forma- 
tion, the causes of destructive lesions in liver, 
kidney and brain, are beginning to be under- 
stood no less than the diseases, such as tubercu- 
losis, glanders and malaria, which are due to 
the invasion of microparasites into the body. 

A text-book will of necessity be in the rear, 
never in advance, of a rapidly-growing subject. 
It fulfills its purpose, if it is a trustworthy rec- 
ord, in a convenient form, of the more impor- 
tant facts, and if it reflects the spirit of progress 
of the subject. This Ziegler’s text-book has 
continued to do, improving with each successive 
edition, until now it has become one of the 
most useful books in any language. The rapid- 
ity with which it goes through editions is testi- 
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mony to the favor in which itis held by students 
in its own language, and it can be safely pre- 
dicted that the new English translation will 
gain a large following among students of medi- 
cine in English-speaking countries. The work 
of the translators can be commended freely and 
that of the publishers equally. 
SIMON FLEXNER. 
JoHNS HopkKINs UNIVERSITY. 





SOCIETIES AND ACADEMIES. 
ZOOLOGICAL CLUB, UNIVERSITY OF CHICAGO, 
MEETINGS OF THE SPRING QUARTER, 1898, 


THE METAMERISM OF HIRUDO MEDICINALIS, 


RESULTS were obtained by the use of gold 
chloride and methylen blue. 

The typical somite consists of the double 
nerve cord, Faivre’s nerve, Leydig’s cells, six 
ganglionic sacs, and two pairs of nerves, the 
anterior of which carries accessory ganglia. 
The anterior nerve is the principal sensory one, 
innervating all the ventral sense organs and the 
marginal and outer lateral on the dorsal side. 
The posterior nerve innervates the inner 
lateral and the median sense organs of the 
dorsal side. The innervation is pentannulate 
and dimeric, the two posterior rings of one 
somite being united with the three anterior 
rings of the next somite in the innervation. 

The anal ganglion is clearly made up of seven 
somites, as indicated by the forty-two gangli- 
onic sacs and the seven pairs of double nerves. 
The brain, including the supra- and sub-ceso- 
phageal ganglia, is likewise composed of seven 
fused somites. This is proved by the presence 
of forty-two ganglionic sacs and also by the 
peripheral distribution of the nerves. Alto- 
gether, then, the body of Hirudo consists of 
thirty-five segments, seven in the head, twenty- 
one in the body and seven in the caudal region. 

V. E. McCaskILL, 


THE AXES OF THE ANNELID EGG, 


THE unfertilized egg of Arenicola cristata is 
flattened and elongated, thus possessing three 
axes of unequal lengths—approximately 
1:1.8:2.2. The germinal vesicle lies somewhat 
nearer one end of the shortest axis and thus 
furnishes the only means of orientation at this 
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time, since_the cytoplasmic structure js ypj. 
form. Direct proof of the coincidence of thes 
axes with those found at later stages is thy: 
impossible, but the probability of coincidence 
is great. 

At the time of formation of the first polar 
spindle the relations of the axes are 1:1.66:2,99: 
after fertilization and before cleavage and in the 
resting stages of two and four cells 1:1.37:1,50. 
eight cell stage 1:1.27:1.27. 

In all cases the polar axis is the shortest, and, 
after cleavage begins, the longest axis is always 
parallel to the second cleavage plane and the 
third axis parallel to the first cleavage plane, 
Thus the first cleavage-spindle lies in the 
longest axis. In later stages the egg approaches 
a spherical form. The constancy of the axes 
in all cases where orientation is possible renders 
it extremely probable that they are always 
constant. The two long axes coincide with 
none of the axes of the adult, but are parallel 
with the first two cleavage planes. 

C. M. CHILD. 


Reviews and other papers presented during 
the quarter: ‘ Professor Minot on the Ancestry 
of Vertebrates,’ A. L. Treadwell ; ‘Spermato- 
genesis of the Rat’ (von Lenhossék), M. F. 
Guyer; ‘Finer Anatomy of the Nerve Cell’ 
(van Gehuchten), G. W. Hunter; ‘ Origin and 
Variation of the Wing-bars of Pigeons,’ Dr. ©. 
O. Whitman ; ‘Structure and Development of 
the Lens in Lower Vertebrates’ (Rabl), Miss 
E. R. Gregory; ‘Luminous Organs of Verte- 
brates,’ Dr. 8S. Watasé; ‘ Cell-Lineage and An- 
cestral Reminiscences’ (Wilson), A. L. Tread: 
well; ‘The Placentation of Perameles’ (Hill), 
Dr. W. M. Wheeler; ‘The Eyes of Ampli- 
oxus’ (Hesse), Dr. W. M. Wheeler. 





NEW BOOKS. 
The Nature and Development of Anwnal Intelli- 
New York, The 


gence. WESLEY MILLS. 
Macmillan Company. 1898. Pp. x + 30) 
$2.00. 


An Illustrated Flora of the United States, Canada 
and the British Possessions. N. L. Brittos 
and ADDISON Brown. New York, Charles 
Scribner’s Sons. 1898. Vol. III. Pp. x! 
588. $3.00. 








